DP71 is the major cerebral dystrophin isoform and exerts its multiple functions via the dystrophin-associated protein complex (DAPC), also comprised of b-dystroglycan (b-DG) and a1-syntrophin (a1-Syn). Since DP71 disruption leads to impairment in the central control of the osmoregulatory axis, we investigated: 1) the DAPC composition in the hypothalamic supraoptic nucleus (SON) and paraventricular nucleus (PVN) of Dp71-null mice; and 2) the expression and activity of neuronal nitric oxide synthase (nNOS), because it is a potential partner of the DAPC and a functional index of osmoregulatory axis activity. In wild-type mice, dystrophins and their autosomal homologs the utrophins, b-DG, and a1-Syn were localized in astrocyte end feet. In Dp71-null mice, the levels of b-DG and a1-Syn were lower and utrophin expression did not change. The location of the DAPC in astrocytic end feet suggests that it could be involved in hypothalamic osmosensitivity, which adapts the osmotic response. The altered composition of the DAPC in Dp71-null mice could thus explain why these mice manifest an hypoosmolar status. In the SON and PVN neurons of Dp71-null mice, nNOS expression and activity were increased. Although we previously established that DP140 is expressed de novo in these neurons, the DAPC remained incomplete due to the low levels of b-DG and a1-Syn produced in these cells. Our data reveal the importance of DP71 for the constitution of a functional DAPC in the hypothalamus. Such DAPC disorganization may lead to modification of the microenvironment of the SON and PVN neurons and thus may result in a perturbed osmoregulation.
Introduction
DP71 is the major cerebral isoform of the Duchenne muscular dystrophy (DMD) gene, which is known to code for several dystrophin proteins. Its full-length product is a 427 kDa protein (DP427) composed of an N-terminal actinbinding domain, a central region of spectrin-like repeats, and a cysteine-rich C-terminal domain (Koenig et al. 1988 ). This C-terminal domain allows dystrophin to form a dystrophinassociated protein complex (DAPC) with a group of extracellular, integral membrane and cytoplasmic proteins (Suzuki et al. 1994 , Lapidos et al. 2004 .
Analysis of the DMD gene structure revealed the presence of internal promoters that lead to the generation of short C-terminal DMD products. We previously demonstrated that DP71 knockout mice exhibit a perturbed osmosregulatory axis characterized by a lower osmostat set point and low plasma osmolality under normal conditions, but with a normal response to hyperosmolality (Benabdesselam et al. 2010) . Osmoregulation is controlled by the CNS via the hypothalamo-neurohypophyseal complex that contains the magnocellular neurons of the supraoptic nucleus (SON) and the paraventricular nucleus (PVN). These neurons send their axons toward the neurohypophysis and release the antidiuretic hormone vasopressin (arginine vasopressin (AVP)) into the blood stream (Antunes- Rodrigues et al. 2004) . In Dp71-null mice, we described compensatory ectopic expression of DP140 in the magnocellular neurons of the hypothalamus.
To more fully understand the mechanisms underlying the low osmolality caused by the lack of DP71, we analyzed the composition of the DAPC complex in Dp71-null mice.
The DAPC includes several distinct subcomplexes, which depend on the dystrophin isoform controlling its assembly. In the CNS, the DP71-associated DAPC is assembled through interactions among dystroglycan, a1-syntrophin (a1-Syn), and neuronal nitric oxide synthase (nNOS; Tadayoni et al. 2012) . Dystroglycan is a heterodimeric glycoprotein subcomplex located on the surfaces of cells in most adult tissues (Michele & Campbell 2003) and consists of a transmembrane b subunit and a noncovalently associated extracellular a subunit. The extracellular domain interacts with extracellular matrix proteins, such as laminins, agrin, and perlecan, whereas the cytoplasmic domain (b-dystroglycan (b-DG)) possesses signaling motifs and is linked to the actin cytoskeleton via dystrophin (Winder 2001 , Michele & Campbell 2003 . Syntrophins (SYNs) are a multigene family of proteins, including a1, b1, b2, g1, and g2 SYN, in which each member features a postsynaptic density-95/ disc large/zonula occludens-1 (PDZ) domain (Adams et al. 2000 , Piluso et al. 2000 . Many proteins have been identified as SYN-PDZ domain ligands, including nNOS (Brenman et al. 1996 , Zhou & Zhu 2009 ). The importance of Syn-ligand interactions was demonstrated in skeletal muscle, where the a-Syn-PDZ domain is required to localize nNOS to the sarcolemma (Adams et al. 2000) . Disruption of the dystrophin/ a-Syn/nNOS complex results in failure of skeletal muscle contraction (Thomas et al. 1998 , Lai et al. 2009 .
Dystrophins have autosomal homologs designated as dystrophin-related proteins (Ohlendieck et al. 1993) . Among them, utrophins are more widely expressed than dystrophins, as they are found not only in muscle but also in other cell types, such as vascular endothelia and retinal glial cells (Claudepierre et al. 1999) . The structural and binding partner similarities between utrophin and dystrophin (Tinsley et al. 1992 , Kramarcy et al. 1994 , Winder et al. 1995 , Blake et al. 2002 have raised the possibility that the two proteins are functionally redundant. Indeed, in sarcolemma and retina, utrophin can functionally compensate for the absence of dystrophin (Matsumura et al. 1992 , Porter et al. 1998 , Rybakova et al. 2002 , Dalloz et al. 2003 .
In the present study, we investigated the consequences of DP71 disruption on the composition of the DAPC complex (i.e. b-DG, a1-Syn, and utrophins) in the SON and the PVN of the Dp71-null hypothalamus. We also analyzed nNOS expression, because this protein potentially interacts with the DAPC and because it represents an index of osmoregulatory axis activation (Kadekaro 2004) . Indeed, in the hypothalamoneurohypophysis complex, NO is an important modulator of vasopressin synthesis and secretion (Yuan et al. 2006 , Raison et al. 2011 , St-Louis et al. 2012 . nNOS and NADPH diaphorase, the histochemical marker of NOS activity, are both present in magnocellular neurons (Grange-Messent et al. 2004 , Kadekaro 2004 , Maolood et al. 2007 . Their expression levels and activity increase when magnocellular neuron activity increases in response to osmotic stimulation, dehydration, or hypovolemia (Kadowaki et al. 1994 , Villar et al. 1994 , Ueta et al. 1995 .
Materials and Methods

Animals
All experiments were performed in accordance with French and European legal requirements (decree 87-848, 86/609/ECC).
Six-week-old male Balb/c mice (supplied by Janvier, Le Genest Saint Isle, France) and Dp71-null mice (Sarig et al. 1999) were housed in 1200 h light:1200 h darkness conditions and provided with food and water ad libitum. Groups of three animals were used for immunohistochemistry (IHC) and NADPH-diaphorase histochemistry and groups of six to ten animals were used for western blotting experiments. All experiments were repeated three to five times.
Electrophoresis and immunoblotting
After anesthesia, brains were removed, and 400 mm frontal sections of the hypothalamus area were cut with a vibroslice. The SON and PVN were punched out and homogenized in a buffer containing 50 mM Tris-HCl (pH 7 . 2), 150 mM NaCl, 0 . 1% SDS, 0 . 01% sodium deoxycholate, and 1% Protease Inhibitor Cocktail (Sigma). Each sample was denatured in 2! Laemmli buffer (5 min at 95 8C; Sigma). Twenty micrograms of protein were subjected to electrophoresis (150 V) on NuPAGE 4-12% Bis-Tris Gels (Invitrogen) in MOPS-SDS running buffer and the resolved proteins were electrotransferred (400 mA, 4 8C, 2 h) onto a PVDF membrane (Sigma). Blots were blocked with a solution of 5% nonfat milk powder (Bio-Rad) and 0 . 1% Tween 20 (1 h) in PBS, and incubated overnight at 4 8C with polyclonal rabbit antibodies against utrophins (1:200; Royuela et al. 2003) , b-DG (1:400; Rivier et al. 1999) , a1-Syn (1:500; SigmaAldrich), or with mouse monoclonal antibodies against nNOS (1:400; Sigma-Aldrich) or b-actin (1:7500; Chemicon, Molsheim, France) diluted in the blocking solution. Primary antibody binding was detected by incubating the blots with HRP-conjugated anti-rabbit or anti-mouse secondary antibodies (1:5000; Interchim, Montluçon, France) and then developing the blots with the ECL Plus detection system (GE Healthcare, Hertfordshire, UK) and Kodak Biomax Light 1 film. The amounts of individual blotted proteins were estimated arbitrarily using TotalLab TL120 Software (Nonlinear, Inc., Long Beach, CA, USA). The value assigned to each band corresponds to the integration of its surface with its optical density. Band value was normalized to the value obtained for the corresponding actin band.
Protein assays
Protein concentrations were determined using the Coomassie Plus Protein assay kit (Pierce, Illkirch, France) according to the manufacturer's instructions.
Immunohistochemistry
Mice were anesthetized (pentobarbital 25 mg/kg) and perfused with 4% paraformaldehyde in 0 . 1 M phosphate buffer (PB). Frozen brains were sectioned (20 mm, Leica, Le Pecq, France, CM300). Sections were blocked in 0 . 05 M PBS (pH 7 . 4), 1% BSA, and 0 . 2% Triton X-100 (1 h) and incubated overnight with one of the primary antibodies used for western blotting (anti-utrophin, b-DG, -a1-Syn, or -nNOS), either alone or combined with antibodies against AVP (1:5000; Robert et al. 1985) , glial fibrillary acidic protein (GFAP; 1:200; Sigma), CD31/PECAM-1 (1:400; BD Biosciences Pharmingen, Le Pont de Claix, France), or dystrophin (Royuela et al. 2003) diluted in PBS/BSA/Triton buffer. Antigen-antibody complexes were revealed using a combination of Alexa 488-conjugated anti-rabbit IgG antibody (1:400; Invitrogen) and Alexa 594-conjugated anti-mouse IgG antibody (1:400; Invitrogen). Fluorescence was observed with a Zeiss microscope.
NADPH-diaphorase staining
NADPH-diaphorase staining was performed as described previously (Scherer-Singler et al. 1983) . Briefly, slidemounted sections were incubated with 1 mM NAPDH, 0 . 2 mM nitroblue tetrazolium, 0 . 1 M Tris-HCl (pH 7 . 2), and 0 . 2% Triton X-100 for 1 h at 37 8C. Sections were observed with a Zeiss microscope.
Quantification
All quantification steps were performed with ImageJ 1.36b Software (NIH, USA). The differences between Dp71-null mice and their controls were assessed by comparing the integrated density of the fluorescent signal on thresholded sections. For each section, the integrated fluorescence density level quantifies the sum of the values of the pixels within a predefined-size contour positioned in a reproducible manner. The fluorescence value for each animal is the sum of the measurements on five sections homogeneously distributed through the SON and the PVN.
Statistical analysis
Data were expressed as meansGS.E.M. and compared in a oneway ANOVA, followed by Scheffe's test. Differences were considered statistically significant if P!0 . 05.
Results
Levels of utrophins, b-DG, and a1-Syn in the SON and PVN of Dp71-null mice SON and PVN protein extracts from wild-type and Dp71-null mice were analyzed by western blotting using antibodies directed against utrophins, b-DG, or a1-Syn to detect the presence of different components of the DAPC in the hypothalami of Dp71-null mice.
In the SON and PVN extracts, the utrophin antibody recognized four different isoforms of utrophin, Up400, Up260, Up140, and Up116/G, which migrated at 400, 260, 140, and 116 kDa respectively (Royuela et al. 2003; Fig. 1A and D) . The absence of DP71 did not affect the levels of utrophin proteins detected in the SON and the PVN (Table 1) .
We detected b-DG as a 43 kDa band (Sgambato & Brancaccio 2005) in the SON and PVN of wild-type mice ( Fig. 1B and E) . The levels of this protein in the SON and PVN were significantly lower in Dp71-null mice than in wild-type mice (Table 1) .
We detected a1-Syn as a single band of 59 kDa (Tinsley et al. 1994) in the SON and PVN of wild-type mice ( Fig. 1C and F) . Like b-DG, the levels of this protein in both the SON and PVN were lower in Dp71-null mice than in wild-type mice (Table 1) .
Taken together, and in view of our previous findings (Benabdesselam et al. 2010) , our results indicate that utrophins, DP140, b-DG, and a1-Syn are all present in the hypothalamus in the absence of DP71.
Cellular location of utrophins, b-DG, and a1-Syn in the SON and PVN of Dp71-null mice
To determine whether the cellular locations of utrophins, b-DG, and a1-Syn were compatible with the formation of functional DAPCs in Dp71-null mice, we used immunohistochemistry (IHC) and the same antibodies we used for western blots to identify the precise locations of these proteins in the hypothalami of Dp71-null and wild-type mice.
Utrophins were detected in ventral glial limitans (VGLs) and around blood vessels in the SON and PVN of wild-type and Dp71-null mice (Fig. 2) . In contrast to the similar levels of utrophins detected by western blotting, utrophin staining intensity was slightly higher in the VGL of Dp71-null mice than in those of wild-type mice but remained constant in the SON (SON: 100G4 . 7 for wild-type mice, 91 . 7G7 . 7 for Dp71-null mice; and PVN: 100G8 . 1 for wild-type mice, 97 . 8G6 . 8 for Dp71-null mice). Utrophin staining around blood vessels overlapped with that of GFAP, which suggests that utrophins are located in astrocyte end feet (Fig. 2) . b-DG staining was found in the VGL and around blood vessels in the SON and PVN sections and its distribution was the same for Dp71-null and wild-type mice (SON: 100G6 . 2 for wild-type mice, 111 . 8G11 . 1 for Dp71-null mice; and PVN: 100G8 . 1 for wild-type mice, 112 . 1G7 . 2 for Dp71-null mice; Fig. 3 ). Colocalization of b-DG staining with GFAP staining, and with CD31 staining, around SON blood vessels indicated that b-DG was present in the perivascular astrocyte end feet and in the endothelial cells ( Fig. 3E and F) . By contrast, dual staining for b-DG and AVP, as a magnocellular neuron marker, demonstrated the absence of b-DG in these neurons (Fig. 3G) . We detected a1-Syn staining in the SON and PVN of wild-type mice ( Fig. 4A and C Fig. 4B and D) . These results agreed with those of our western blot analysis. The colocalization of a1-Syn staining with GFAP staining and with CD31 staining (Fig. 4E and F) around SON and PVN vessels demonstrated that a1-Syn is expressed in perivascular astrocyte end feet and in endothelial cells. By contrast, a1-Syn was not detected in AVP-positive/magnocellular neurons (Fig. 4G) .
Expression, distribution, and activity of nNOS in the SON and PVN of Dp71-null mice
We used nNOS protein levels in the SON and the PVN of DP71-null mice as an index of the osmoregulatory axis activation due to magnocellular neuron activity, and to assess DAPC functional output.
On immunoblots, nNOS was detected as a single band of 160 kDa (Boissel et al. 1998) . In SON and PVN extracts, the levels of nNOS were significantly higher in Dp7-1-null mice than in wild-type mice (Fig. 5A and H and Table 1 ). We also detected nNOS immunoreactivity in the magnocellular neuronal neurons of both SON and PVN ( Fig. 5B and I Proteins extracts from the SON and the PVN of wild-type and Dp71-null mice were analyzed by western blotting using antibodies against utrophin, b-DG, and a1-Syn. Four bands corresponding to the utrophin isoforms Up400, Up260, Up140, and Up116 were detected in both strains of mice (A and D). b-DG (B and E), and a1-Syn (C and F) were detected as single bands at 43 and 59 kDa respectively. The absence of DP71 did not affect the intensity of the utrophin bands. In Dp71-null mice, the band intensities of b-DG and a1-Syn were both comparatively lower than those of wild-type mice. Molecular weight markers are indicated on the left. b-Actin was used as a loading control.
In the brain, NADPH-diaphorase staining correlates with nNOS activity . We found NADPH-diaphorase staining to be localized in the magnocellular neurons of the SON and PVN ( Fig. 5C and J) . The numbers of NADPH-diaphorasepositive stained neurons and the intensity of NADPHdiaphorase staining per positive cell were both substantially higher in the SON and PVN of Dp71-null mice than in those of the wild-type mice (SON: 100G1 . 5 for wild-type mice, 127 . 3G3 . 2 * for Dp71-null mice; and PVN: 100G3 . 3 for wild-type mice, 125 . 1G1 . 4 * for Dp71-null mice, P!0 . 05; Fig. 5F and M). This demonstrated that the higher levels of nNOS protein found in the Dp71-null mice were also accompanied by higher levels of nNOS activity.
Coimmunostaining of nNOS and dystrophin confirmed that dystrophin was absent from astrocyte end feet around the hypothalamic blood vessels of Dp71-null mice and that it was expressed in the magnocellular neurons (Fig. 5D, G, K and N) . We previously reported that this staining corresponds to the DP140 isoform (Benabdesselam et al. 2010) . nNOS staining was preferentially localized in some dystrophin-positive neurons located in the dorsal part of the SON and in the lateral part of the PVN (Fig. 5G and N) .
Discussion
In a previous study, we showed that DP71 was the major dystrophin isoform in the SON and PVN of normal mice (Benabdesselam et al. 2010) . DP71 was found in endothelial cells and in astrocyte end feet around vessels, where it probably participates in the osmosensitivity of the SON and PVN. When DP71 was absent, dystrophin exhibited a modified cellular distribution. Dystrophins disappeared completely from blood vessel areas but appeared in AVPpositive neurons as the DP140 isoform. These changes in dystrophin expression and distribution were accompanied in DP71-null mice by lower plasma osmolality, which persisted after osmotic stimulation. This result indicated that the 'set point' of the osmostat was altered in the absence of DP71. The absence of DP71 and the ectopic expression of DP140 could lead to modified signal integration in the hypothalamus that disturbs the fine-tuning of AVP expression. Since dystrophins exert their function through the multiprotein complex DAPC, we analyzed the consequences of DP71 disruption on the expression and distribution of the other members of the DAPC, b-DG, a1-Syn, and the utrophins, which are the autosomal homologs of dystrophins. nNOS expression and activity were also investigated as a functional index of the hypothalamo-neurohypophyseal axis activity and as the functional outputs of DAPC activity.
Utrophins
The SON and PVN of wild-type mice contain various utrophin isoforms: Up400, Up260, Up140, and Up116/G. As previously described, we found these proteins to be localized around vessels, notably in endothelial cells and in astrocyte end feet surrounding the vessels (Khurana et al. 1992 , Knuesel et al. 2000 , Haenggi et al. 2004 . Like dystrophins, utrophins are attached to the cell membrane (Khurana et al. 1992) and are associated with the same proteins and glycoproteins as those associated with dystrophins (Matsumura et al. 1992) . In the absence of dystrophin, utrophins are upregulated in skeletal muscle (Galvagni et al. 2002 , Kleopa et al. 2006 and in the retina (Dalloz et al. 2001 (Dalloz et al. , 2003 . A similar upregulation was not seen in the hypothalamus of Dp71-null mice since their utrophin levels did not change. This absence of compensatory utrophin upregulation in the Dp71-null mice, and the appearance of ectopic DP140 expression in AVP-positive neurons (Benabdesselam et al. 2010) , may partially explain why these mice exhibit a modified osmoregulatory axis with a lower osmostat. In the SON and PVN of wild-type mice, b-DG and a1-Syn were localized in endothelial cells and astrocyte end feet surrounding the blood vessels. This result is consistent with those of other studies that showed b-DG is associated with a1-Syn in the interface between glial cells and vessels of the brain (Tian et al. 1996 , Haenggi & Fritschy 2006 . Indeed, in the SON and PVN of wild-type mice, the distributions of b-DG and a1-Syn are similar to those of the dystrophins and utrophins, suggesting that dystrophins and utrophins are in position in the astrocyte end feet to interact with b-DG and a1-Syn and form functional DAPCs. In the SON and PVN of Dp71-null mice, the distribution of b-DG was not different from that in wild-type mice but the levels of b-DG were lower. This was also observed in the retina (Dalloz et al. 2003) and in olfactory cells of Dp71-null mice (Takatoh et al. 2008 ). These results demonstrate that in the hypothalamus, the localization of b-DG in astrocyte end feet is not exclusively dependent on the presence of DP71, but may involve utrophins and/or other unidentified proteins, as was previously proposed (Howard et al. 1998 , Blank et al. 1999 . The level of a1-Syn was lower in both the SON and PVN of Dp71-null mice than in wild-type mice and almost completely absent from around vessels, suggesting that the DAPC in the astrocyte end feet of the Dp71-null mice contained utrophins and b-DG but not a1-Syn. DAPC, via dystroglycans and SYN, constitutes a transmembrane system that connects the intracellular cytoskeleton to the extracellular matrix (Tadayoni et al. 2012) . Modification of the DAPC composition may thus have several consequences. First, it may affect cell morphology and cellular extensions, as has been described for astrocyte end feet (Noell et al. 2011) . This could thus explain the morphological changes in the astrocytic processes that we previously described in these areas (Benabdesselam et al. 2010) . Modification in the DAPC composition also perturbs the abilities of cells to integrate signals coming from the microenvironment, as has been demonstrated for the blood-brain barrier (Eilert-Olsen et al. 2012) . Since endothelial cells and astrocyte end feet in the SON and PVN are associated with physiological osmoreception (Bourque 2008) , modified DAPCs in these cells could perturb the detection of plasmatic osmolality and/ or the transduction of necessary signals, which could thus explain why the osmostat of the Dp71-null mice is impaired.
nNOS expression and activity
Next to their osmoreceptive function, the SON and PVN have a major role as the effector pole in osmoregulation as they adapt the synthesis and release of AVP to variations in plasmatic osmolality. These functions are fine-tuned by magnocellular activity, and among the different modulatory pathways, the NO pathway is particularly important (Antunes-Rodrigues et al. 2004 , Grange-Messent et al. 2004 , Maolood et al. 2007 . nNOS is expressed at high levels in the SON and PVN (Sagar & Ferriero 1987 , Pasqualotto et al. 1991 , Arévalo et al. 1992 , Vincent & Kimura 1992 ) and its expression is functionally regulated by osmotic stimulation ( Kadowaki et al. 1994 , Villar et al. 1994 , Ueta et al. 1998 . Because nNOS may be functionally related to DAPC (Tadayoni et al. 2012) , we analyzed its expression and activity after DP71 disruption. In wild-type mice, we confirmed previous reports of nNOS in the magnocellular neurons located in the dorsal part of the SON and in the lateral part of the PVN (Vacher et al. 2003 , Maolood et al. 2007 . nNOS expression was higher in the SON and PVN of Dp71-null mice, which is similar to what has been reported to occur in response to osmotic stimulation (Kadowaki et al. 1994) , hypovolemia (Ueta et al. 1998) , and noradrenalin treatment (Grange-Messent et al. 2004 , Maolood et al. 2007 . Similarly, NADPH-diaphorase staining was higher in both the SON and PVN of Dp71-null mice. Since NADPH-diaphorase activity correlates with the distribution and activity of nNOS in the rodent brain (Bredt et al. 1991 , Warembourg et al. 1999 , this suggests that elevated nNOS expression was accompanied by higher nNOS activity and higher levels of NO production. Such a modified NO pathway could also partially explain the altered osmolar status of the Dp71-null mice (Benabdesselam et al. 2010) .
In hypothalamic sections of the adult rat, nNOS and a1-Syn were found to be highly expressed and colocalized in the neurons of the suprachiasmatic nuclei (Hashida-Okumura et al. 1999) . In others tissues, such as skeletal muscle, nNOS is targeted to the sarcolemmal membrane by its association with SYN (Brenman et al. 1996) and this interaction is essential for its dimerization and thus its activity (Zhou & Zhu 2009 ). This is not the case in the SON and PVN of the normal mice, since the cellular distribution of nNOS and a1-Syn was not NADPH-diaphorase nNOS + Dp Figure 5 Effect of Dp71 gene disruption on nNOS expression and activity. Proteins extracts from the SON (A) and the PVN (H) of wild-type and Dp71-null mice were analyzed by western blotting using antibodies against nNOS, which was detected as a single band of 160 kDa. In the absence of DP71, nNOS levels were higher in both in the SON and the PVN. nNOS was localized by IHC in the SON (B and E) and PVN (I and L) of wild-type and Dp71-null mice and its activity was detected using NAPDH-diaphorase histochemistry (C, F, J and M). nNOS was detected in magnocellular neurons and its expression and activity were higher in the absence of DP71 than in the magnocellular neurons of wild-type mice. Colocalization of nNOS with dystrophins (Dp; D, G, K and N) demonstrates that nNOS is expressed in dystrophin-positive neurons in Dp71-null mice. OC, optic chiasma; 3V, third ventricle. Scale bar: 60 mm.
superimposed. These results suggest that other mechanisms, independent of the DAPC, anchor nNOS to cell membranes in the hypothalamus. For example, the PDZ motif in the N-terminal domain of nNOS has been reported to interact with the PDZ motifs of different adapter proteins, such as PSD-95, PSD-93, and CAPON, which facilitate nNOS dimerization and form membrane-associated macromolecular complexes (Brenman et al. 1996 , Jaffrey et al. 2002 . In Dp71-null mice, the higher levels of nNOS expression and activity correlated with the emergence of DP140 in the magnocellular neurons. However, since the other partners of the DAPC were absent from these neurons, the physical link between DP140 and nNOS remains to be determined.
In conclusion, our data demonstrate that in the SON and PVN of wild-type mice, the DAPC contains at least dystrophins, utrophins, b-DG, and a1-Syn. These different partners of the DAPC are absent in the magnocellular neurons and the complex is localized in astrocyte end feet, where it is in position to integrate the plasmatic osmolality information.
In the absence of DP71, de novo DP140 expression appeared in the magnocellular neurons but the other required components of the DAPC were poorly expressed. Thus, the function of this ectopic DP140 expression is unknown. Dp71 gene disruption reduced b-DG and a1-Syn synthesis in astrocyte end feet, which led to altered structural and neurochemical connections between the different cells of the SON and PVN and to a disturbance in the fine-tuning of magnocellular neuron activation.
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